High blood pressure and elevated serum glucose levels often precede adverse cardiovascular events. The cardiovascular risk in otherwise healthy US adults with prehypertension (PreHTN) and/or prediabetes (PreDM), although perceived to be high, is largely undocumented. Coexisting PreHTN and PreDM in healthy US adults, correlates with untoward alterations in the commonly recognized cardiometabolic risk factors. The study investigated disease-free US adults (n¼4,561) from the NHANES database (1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006). PreHTN and PreDM were diagnosed using JNC 7 and American Diabetes Association criteria, respectively; PreHTN was defined as systolic blood pressure 120-139 and/or diastolic blood pressure 80-89 mm Hg, and PreDM was defined as fasting blood sugar 100-125 mg dl À1 . The prevalence of coexisting PreHTN and PreDM (Co-PreHTN+PreDM) during the study period (1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006) was 11.2±0.6%. Prevalence increased with age, was higher in men, and was lowest in non-Hispanic Blacks. The mean systolic blood pressure was 126.0 ± 0.5 mm Hg, diastolic blood pressure was 75.0 ± 0.5 mm Hg and fasting blood sugar was106.3 ± 0.3 mg dl À1 . Compared to adults with normotension, normoglycemia, subjects with CoPreHTN+PreDM displayed adversely altered cardiometabolic risk factors. Healthy men and women with Co-PreHTN+PreDM were, on average, overweight with a large waist circumference, displayed an exacerbated systemic inflammation and higher insulin resistance. They had elevated triglycerides, lower high-density lipoprotein cholesterol, leading to above average cardiac risk ratios and were significantly more likely to have two or three concomitant metabolic risk factors. High prevalence of Co-PreHTN+PreDM in healthy US adults, a strong correlate for dysregulated cardiometabolic risk factors, highlights a plausible accelerated pathway for early cardiovascular events.
INTRODUCTION
Hypertension 1 and diabetes mellitus 2, 3 are well recognized for escalating the risk for adverse cardiovascular events. The perceived potential for cardiovascular disease (CVD) risk enhancement by the clinical precursors: prehypertension (PreHTN) and prediabetes (PreDM), in healthy US adults, however, remains unsubstantiated. The probable CVD risk enhancement with PreHTN and PreDM, in some measure, is dependent upon the high risk for conversion from PreHTN to hypertension and from PreDM to diabetes. A very high proportion of men and women (37.3%) with blood pressure at the high end of the normal range in the Framingham cohort (JNC 6 criteria: blood pressure¼130-139/85-89 mm Hg) developed hypertension within 4 years. 4 A similar proportion of disease-free adults (38%) with PreHTN (JNC 7 criteria: blood pressure¼120-139/80-89 mm Hg) in the Strong Heart Study progressed to hypertension within a 4-year period. 5 A varying proportion of men and women (6-29%) with PreDM (American Diabetes Association criteria: impaired glucose tolerance indicated by 2 h serum glucose between 140-199 mg dl À1 after a 75 g oral glucose load) convert to diabetes mellitus within 4 years. [6] [7] [8] [9] PreHTN and PreDM, however, also increase CVD risk because of their association with increased waist circumference (WC), high triglycerides (TGs), below-normal high-density lipoprotein cholesterol (HDL-C) and either elevated blood pressure (PreHTN) or fasting blood glucose (PreDM). Each of these five risk factors, increased WC (4102 cm in men and 488 cm in women), elevated TG (4150 mg dl À1 ), low HDL-C (o40 mg dl À1 in men and o50 mg dl À1 in women), increased blood pressure (blood pressure 4130/85 mm Hg) and elevated fasting blood glucose (100-125 mg dl À1 ), is individually associated with increased adverse cardiovascular events. [10] [11] [12] [13] These factors increase CVD risk even more when any three (or more) of these five are used for the diagnosis of the metabolic syndrome. 14 Given the persistent high prevalence of PreHTN 15 and the progressively escalating prevalence of PreDM (unpublished observations), coupled with the high conversion rates of PreHTN to hypertension 4, 5 and PreDM to diabetes, [6] [7] [8] [9] instituting urgent preventive interventions is eminently desirable. We have demonstrated that PreHTN and PreDM are distinct clinical markers for an adverse cardiometabolic profile. 15 In this study, we investigated the hypothesis that coexistent clinical PreHTN and PreDM are associated with an even more adverse cardiometabolic profile than either condition alone.
METHODS

Source of data
Analyses were conducted using data from the United States National Health and Nutrition Examination Survey collected from 1999 to 2006. NHANES uses a complex, multistage, probabilistic sampling design to select participants who are representative of the non-institutionalized, civilian US population. Sample weights assigned to each participant allow the development of good prevalence estimates for the US population. The National Center for Health Statistics ethics review board approved the original survey protocols. Informed consent was obtained from all NHANES participants. Trained personnel conducted home interviews for reliable data collection. This included demographic, socioeconomic, dietary and health-related information. A mobile exam center was used to obtain anthropometric measurements and secure a fasting blood draw. Medical personnel were utilized to obtain medical, dental and physiological measurements as well as results from the laboratory tests. Complete details can be accessed at the NHANES website. 16 
Exclusions
The 1999-2006 NHANES samples included 41 474 participants. A schematic of the exclusion criteria is shown in Figure 1 . Participants under 20 years of age (21 163) were excluded, retaining 20 311 adults over 20 years of age. Other exclusions (15 750 excluded from 20 311) were as follows: pregnancy (1169); participation in only the interview portion (1253); lack of fasting blood glucose, body weight, body mass index (BMI) or WC measurements (10 164); lack of fasting weight (381); history of coronary heart disease, congestive heart failure, angina, myocardial infarction, stroke or cancer (1421); treatment with blood pressure medication (866) 
Data collection methods
Participants were required to come to a mobile examination clinic before 0900 hours after fasting for at least 9 h. If they arrived having fasted for less than 8.5 h, they received an analytical sampling weight equal to zero, as defined by the NHANES protocol. Blood was drawn from an antecubital vein of the left arm. Fasting plasma glucose was assessed by the hexokinase method. TGs, HDL-C, insulin and C reactive protein were also assayed from the fasting serum samples. Homeostatic model assessment-insulin resistance (HOMA-IR) was calculated to measure insulin resistance using the following formula: fasting serum insulin (mU ml À1 ) Â fasting plasma glucose (mg dl À1 )/405. Blood pressure was measured after the participant had rested quietly for 5 min. Three consecutive blood pressure readings were obtained. The average of these was recorded as resting blood pressure. Weight was measured with participants wearing minimal clothing. Height was measured using a fixed wall stadiometer, with heels together, arms by the side and eyes in the Frankfort plane. WC was measured to the nearest 0.1 cm using a steel measuring tape placed at the high point of the iliac crest at the end of normal expiration with the participant in a standing position. Race or ethnicity was derived from questions about race and Hispanic origin (non-Hispanic White, Mexican American, non-Hispanic Black and 'Other').
Diagnosis of PreHTN
The Seventh Report of the Joint National Committee on Prevention, Detection and Treatment of High Blood Pressure (JNC 7) criteria for PreHTN (systolic blood pressure: 120-139 mm Hg and/or diastolic blood pressure: 80-89 mm Hg) provided the diagnosis of PreHTN.
Diagnosis. of PreDM
The American Diabetes Association criteria for impaired fasting glucose (fasting serum glucose 100-125 mg dl À1 ) and/or impaired glucose tolerance (serum glucose 140-199 mg dl À1 : 2 h after 75 gm oral glucose tolerance test) provided the diagnosis of PreDM.
Statistical analysis
Data are summarized as counts and percentages ± standard error of percentage for categorical variables and means ± standard error of mean (s.e.m.) for continuous variables. Prevalence (%) estimates the percentage of healthy US men and women with a condition at the time of data collection and a mean estimates the average value of a characteristic in healthy US adults. All analyses were conducted using weighted procedures specific for sample survey data to account for the complex NHANES sampling design. The calculations were performed using the statistical software SAS Version 9.1, SAS Institute, Cary, NC, USA. Large sample z-tests were used to assess statistical significance at Pp0.05.
RESULTS
Epidemiology
Among the 4,561 disease-free adults investigated in this study, 555 (11.2 ± 0.6%) had coexistent PreHTN and PreDM, 45 (0.6 ± 0.1%) had concurrent unmedicated hypertension and undiagnosed diabetes mellitus, 1,788 (43.3±1.0%) had both normotension and normoglycemia and the remaining 2,173 had other combinations of resting blood pressure and fasting serum glucose concentrations as shown in Table 1 Table 2 . Men had a higher prevalence of Co-PreHTN+PreDM than women (16.4% vs. 6.1%; Po0.0001). This prevalence increased with age (20-39 years old, 7.8%; 40-59, 14.4%; 60-69, 18.8%), BMI (6.3% for 18.5-o25 kg m À2 ; 12.8% for 25-o30 kg m À2 ; 17.0% for 430 kg m À2 ; Po0.0001) and WC (men: 13.7% if WCo102 cm; 21.0% if 4102 cm; Po0.0008; and women: 3.1% if o88 cm; 9.1% if 488 cm; Po0.0001). Non-Hispanic blacks (8.9%) had the lowest prevalence, whereas Mexican Americans (12.5%) had the highest prevalence. Former smokers and consumers of more than five drinks per day had a higher prevalence of coexisting PreHTN and PreDM (Po0.0001).
Adiposity
As shown in Figure 2 , a graduated increase in overall prevalence of coexistent PreHTN and PreDM was observed with increasing BMI: lean (BMI o18.5 kg m À2 ), 8.8 ± 4.5%; normal weight (BMI¼18.5- Figure 3 . In men with WCo102 cm, the prevalence of coexistent PreHTN and PreDM was 13.7±1.3%. It was significantly higher in men with WC4102 cm (21.0 ± 1.4%, Po0.0001). Similarly, the prevalence of Co-PreHTN+PreDM was significantly higher in women with WC488 cm (9.1±1.0%) when compared with women with WCo88 cm (3.1 ± 0.8%, Po0.0001). Although not shown in the figure, the prevalence of coexistent PreHTN and PreDM in men increased with WC in all age groups (20- .0001) ). This pattern was also found in women (20-39 years: 1.0 ± 0.5% for WCo88 cm, 5.2 ± 1.2% for WC488 cm; 40-59 years: 4.9±1.4% for WCo88 cm, 11.9±1.8% for WC488 cm; 60-69 years: 11.3 ± 4.7% for WCo102 cm, 16.4 ± 4.1% for WC4102 cm; and 70+ years: 9.5 ± 5.5% for WCo102 cm, 9.7±3.7% for WC4102 cm (all Po0.0001)). In men, Mexican Americans had the highest overall prevalence of coexistent PreHTN and PreDM at 18%, independent of WC, whereas in other ethnic groups, this prevalence was significantly higher with WC4102 cm. Among women in all ethnic groups, the prevalence of coexistent PreHTN and PreDM was at least twofold greater in those with WC488 cm.
Systemic inflammation
The prevalence of systemic inflammation as indicated by C-reactive protein levels was higher in adults with coexistent PreHTN and PreDM (9.0 ± 1.7%) or unmedicated hypertension with undiagnosed diabetes mellitus (16.5 ± 6.3%) compared with in disease-free adults with normotension and normoglycemia (X1 mg dl À1 : 5.8±0.7%). 
Insulin resistance
Lipid subfractions and cardiac risk ratios
Adults with normotension and normoglycemia, coexistent PreHTN and PreDM, and unmedicated hypertension with undiagnosed diabetes mellitus have dysregulated lipid metabolism. The prevalence of high TGs levels (4150 mg dl À1 ; 17% normal, 41% pre-disease and 69% unmedicated), low HDL-C (o50 mg dl À1 in women 35, 45, 77%; o40 mg dl À1 in men: 26, 39, 39%), above average cardiac risk ratios Total-C/HDL-C (45: 18, 42, 53%) and low-density lipoprotein cholesterol (LDL-C)/HDL-C (43; 21, 41, 50%), respectively, increased as disease burden increased in the study population.
Means for cardiometabolic risk factors
Summary statistics (mean±s.e.m.) for cardiometabolic risk factors are shown in Table 3 for disease-free adults with normotension and normoglycemia, coexistent PreHTN and PreDM, or unmedicated hypertension and undiagnosed diabetes mellitus. The means describing adiposity, insulin resistance, blood pressure control, lipid subfractions and cardiac risk ratios all increased incrementally across blood pressure and glucose categories. The trends of the means for BMI, WC, insulin, HOMA-IR, HbA1c, pulse pressure, TG, Total-C and LDL-C were all statistically significant when adults with normotension and normoglycemia were compared with disease-free adults with coexistent PreHTN and PreDM (all Po0.0001). Means for atherogenic LDL-C increased significantly, whereas the means for antiatherogenic HDL-C decreased significantly, along with significant increases in Total-C/HDL-C and LDL-C/HDL-C ratios (all Po0.001), when adults with normotension and normoglycemia were compared with disease-free adults with coexistent PreHTN and PreDM. These results represent measures outside the accepted desirable range for all parameters.
Number of risk factors (WC, HDL-C and TG) over desirable levels
The prevalence of WC, HDL-C and TGs, three or more of the five risk factors used in the criteria for the metabolic syndrome, is given in Table 4 . All adults who had coexistent PreHTN and PreDM had at least one abnormal metabolic risk factor in addition to blood pressure and glucose, but only 52.9% of subjects with both normotension and normoglycemia had one abnormal metabolic risk factor (Po0.0001); 14.2% of adults with early stage coexistent disease had all three additional adverse risk factors, thus, demonstrating undesirable levels for all five risk factors when compared with 5.3% in the basal group.
DISCUSSION
This study brings forth the high prevalence of coexistent PreHTN and PreDM in seemingly healthy (disease-free) US adults. The prevalence increases significantly with increasing BMI and WC, two factors, which independently predict elevated CVD risk. The increase of both measures of adiposity is also synonymous with an increased whole body adipose tissue burden. 17 A thickening waist (enlarged WC), is associated with accumulation of adipose tissue in the visceral compartment. 18 The increasing visceral adipose tissue accumulation renders the visceral adipose tissue dysfunctional, resulting in altered adipose tissue secretions that manifest as enhanced systemic inflammation. 19 Overweight adults with larger than desirable WCs and coexistent PreHTN and PreDM also exhibit significantly enhanced systemic inflammation. 20 Adults with a large BMI and WC, in parallel with the enhanced systemic inflammation, tend to develop greater insulin resistance. This leads to higher fasting serum insulin levels and, in some individuals, a high-normal level of glycosylated hemoglobin. High insulin levels and glucose concentrations above 100 mg dl À1 are associated with enhanced CVD risk. 21 Men and women who have coexistent PreHTN and PreDM, combined with significantly higher BMI and WC, and display elevated C reactive protein, insulin, HOMA-IR and HbA1C have increased insulin resistance.
The increased whole body adipose tissue burden fosters dyslipidemia. Fasting serum total cholesterol, atherogenic low-density cholesterol and TG concentrations tend to increase, whereas the anti-atherogenic high-density cholesterol concentrations tend to decrease. A decrease in anti-atherogenic HDL-C is indicative of an impaired reverse cholesterol transport pathway, 22, 23 which over time accelerates atherosclerosis. The increase of the cardiac risk ratios total-C/LDL-C and LDL-C/HDL-C above the desirable range attests to an elevated CVD risk. 24 Adults with coexistent PreHTN and PreDM as well as significantly higher BMI, WC, elevated C reactive protein, HOMA-IR, high insulin levels and HbA1C also had significantly higher Total-C, LDL-C, TG levels, Total-C/LDL-C and LDL-C/HDL-C ratios, and a lower HDL-C. These disease-free adults are on an accelerated pathway to early cardiovascular events. A recent study reported a progressively escalating odds ratio for acute myocardial 25 Hypertension and diabetes mellitus are well established cardiovascular risk enhancing factors. PreHTN and PreDM, although widely perceived as increasing cardiovascular risk, have only been shown to increase cardiovascular risk as one of the components of the metabolic syndrome. We have elucidated the prevalence of PreHTN 15 (36.3%) and PreDM (26.8%: unpublished observations) in an otherwise healthy US adult population and have also demonstrated that PreHTN 15 and PreDM enhance CVD risk (unpublished observations). With this study, we show that in a representative sample of the United States population, disease-free adults with coexistent PreHTN and PreDM, when compared with men and women with normal blood pressure and normal serum glucose, display statistically significantly higher (or appropriately lower) array of well recognized, evaluated and established risk factors for developing CVD. This, while attesting to a clear and present elevated CVD risk in this population, also underscores an urgent need for recognition, and appropriate intervention aimed at decreasing this risk. Lifestyle modifications: healthier diet (high fiber, whole grain, fruit and vegetable rich, calorie deficit), increased physical activity (at least 150 min per week) and weight loss (7% of current weight) in these otherwise healthy adults with coexisting PreHTN and PreDM could prevent conversion to hypertension, diabetes mellitus, or both. This is a first step in the primary prevention of CVD.
CONCLUSIONS
These data highlight the high prevalence of coexistent PreHTN and PreDM in disease-free US adults and depict a potential accelerated pathway to early cardiovascular events.
